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(57) ABSTRACT

Apparatus (1) for additively manufacturing of three-dimen-
sional objects by means of successive layerwise selective
irradiation and consolidation of layers of a build material
which can be consolidated by means of an energy beam,
with a carrier device (2) with at least one carrier element (3)
for carrying build matenial and/or at least one object to be
buwilt and a driving unit (4) configured to drive the at least
one carrier element (3), wherein the driving unit (4) 1s
coupled with the carrier element (3) via at least one coupling
means (5), wherein at least one securing unit (10) 1s pro-
vided that 1s configured to secure the coupling of the carrier
clement (3) with the at least one coupling means (5),
wherein the securing unmit (10) 1s configured to apply a
securing force directed axially on the coupling means (3).

11 Claims, 1 Drawing Sheet
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APPARATUS FOR ADDITIVELY
MANUFACTURING OF
THREE-DIMENSIONAL OBJECTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to European Patent Appli-

cation serial no. 17 187 998.4 filed Aug. 25, 2017, the
contents of which i1s incorporated herein by reference in 1ts
entirety as 1f set forth verbatim.

FIELD OF THE INVENTION

The mvention relates to an apparatus for additively manu-
facturing of three-dimensional objects by means of succes-
sive layerwise selective irradiation and consolidation of
layers of a build material which can be consolidated by
means of an energy beam, with a carrier device with at least
one carrier element for carrying build material and/or at least
one object to be built and a driving unit configured to drive
the at least one carrier element, wherein the driving unit 1s
coupled with the carrier element via at least one coupling
means.

BACKGROUND

Apparatuses of the like are known from prior art, com-
prising an 1rradiation device configured to generate an
energy beam to selectively 1rradiate and thereby consolidate
a build material. The build material typically 1s carried by a
carrying element that 1s assigned to a carrier device in that
a build plane 1s formed that can be selectively 1rradiated by
the energy beam. During the manufacturing process several
layers of build material are 1rradiated 1n succession, wherein
alter each 1rradiation step a layer of fresh build material 1s
applied on the build plane and on the previously applied
and/or 1rradiated layer of build matenal.

Thus, after the 1irradiation of a layer 1s finished, the carrier
element 1s moved 1n Z-direction, 1.e. downwards, 1n that
space for the fresh layer of build material 1s provided. To
allow for a movable arrangement of the carrier element, the
carrier device comprises a driving unit coupled with the
carrier element via at least one coupling means, for example
a spindle. By means of the driving unit it 1s possible to drive
the coupling means and thereby move the carrier element
that 1s coupled with the coupling means.

Further, 1t 1s known from prior art to couple the coupling
means with the carrier element by clamping the coupling
means 1 a corresponding recess in the carrier element.
Disadvantageously, the coupling means may be decoupled,
1.¢. pulled out of the recess, e.g. due to Iriction between the
carrier element and a housing of the apparatus, wherein the
a corresponding Iriction force on the carrier element may
exceed a clamping force resulting in a decoupling of the
coupling means from the carrier element. The decoupling of
the coupling means from the carrier element leads to a loss
of mobility of the carnier element. Thus, a failure of the
apparatus may occur.

Therefore, 1t 1s an object to provide an apparatus, wherein
the fail safety 1s improved.

SUMMARY OF THE INVENTION

The object 1s inventively achieved by an apparatus
according to claim 1. Advantageous embodiments of the
invention are subject to the dependent claims.
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The apparatus described herein 1s an apparatus for addi-
tively manufacturing three-dimensional objects, e.g. techni-
cal components, by means of successive layerwise selective
irradiation and consolidation of layers of a powdered build
material (“build material”) which can be consolidated by
means of an energy beam. A respective build material can be
a metal, ceramic or polymer powder. A respective energy
beam can be a laser beam or an electronic beam. A respective
apparatus can be a selective laser sintering apparatus, a
selective laser melting apparatus or a selective electron
beam melting apparatus, for instance.

The apparatus comprises a number of functional units
which are used during its operation. Exemplary functional
units are a process chamber, an 1rradiation device which 1s
configured to selectively irradiate a build material layer
disposed 1n the process chamber with at least one energy
beam, and a stream generating device which 1s configured to
generate a gaseous fluid stream at least partly streaming
through the process chamber with given streaming proper-
ties, €.g. a given streaming profile, streaming velocity, etc.
The gaseous fluid stream 1s capable of being charged with
non-consolidated particulate build material, particularly
smoke or smoke residues generated during operation of the
apparatus, while streaming through the process chamber.
The gaseous fluid stream 1s typically inert, 1.e. typically a
stream of an 1nert gas, e.g. argon, nitrogen, carbon dioxide,
etc.

The invention 1s based on the idea that at least one
security unit 1s provided that 1s configured to secure the
coupling of the carrier element with the at least one coupling
means, wherein the securing unit 1s configured to apply a
securing force directed axially on the coupling means.
Deviant from prior art, the invention suggests to apply a
securing force that 1s directed axially on the coupling means
instead of clamping the coupling means to the carrier
clement, wherein the clamping force typically i1s applied 1n
radial direction.

The securing force that acts axially on the coupling means
therefore, counteracts the force that 1s applied on the cou-
pling means, e.g. due to iriction, and 1s directed to pull the
coupling means out of the carrier element, e.g. a recess 1n the
carrier element. Thus, the coupling of the coupling means
with the carrier element 1s improved, since a securing unit 1s
provided applying a securing force that directly counteracts
a force that leads to the decoupling of the coupling means
from the carrier element. Hence, the securing umt assures
that the coupling means 1s not pulled out of the carrier
clement therefore, the coupling between the coupling means
and the carrier element 1s secured. The carrier device can be
assigned to diflerent types of apparatuses used for additive
manufacturing processes as described before, for example
the carrier device may be assigned to a build module,
wherein the carrier device carries the build material and the
object that 1s currently build, in particular the carrier device
can carry a build plate on which the build material layers are
applied to be selectively irradiated by the energy beam. It 1s
also possible to assign the carnier device to a dose module,
which provides build matenal for the additive manufactur-
ing process. Further, the security unit may provide a sealing
function, wherein the securing unit seals two rooms adjacent
to the security unit.

According to an advantageous embodiment of the appa-
ratus, the coupling means comprises a driving region and a
holding region, wherein the coupling means 1s configured to
interact with the driving umit 1n the driving region and to
interact with the carrier element in the holding region. In
other words, the driving unit interacts with the coupling
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means 1n the driving region, 1.e. applies a driving force on
the coupling means 1n the driving region. The holding region
1s referred to as the region 1n which the coupling element 1s
coupled with the carrier element, for example the region of
the coupling means that 1s received 1n a recess 1n the carrier
clement. In particular, the dniving region and the holding
region are arranged in different positions of the coupling
means, for example a drniving region 1s arranged around a
bottom end of the coupling means, whereas the holding
region 1s arranged around a top end of the coupling means.

The apparatus can further be improved 1n that the securing
unit 1s configured to mechanically secure the position of the
coupling element relative to the carrier element. The secur-
ing unit therefore, fixates the coupling element and the
carrier element relative to one another and therefore, ensures
that a dnving force applied on the coupling means 1s
transierred on the carrier element via the coupling of the
coupling means with the carrier element. Thus, it can be
assured that the position of a build plate coupled with or
contained 1n the carrier device can be positioned 1n a defined
manner as the carrier element can be driven together with the
coupling means.

Advantageously, the coupling means is partly arranged 1n
an opening 1n the carrier element. According to this embodi-
ment, a part of the coupling means 1s arranged 1n an opening,
in the carrier element, 1n particular the holding region of the
coupling means 1s received 1n an opening in the carrier
clement. Hence, the carrier element provides an opening 1n
which the carrier element can be inserted. The opening
additionally provides a guiding of the coupling means and
fixates a lateral relative position (in particular 1n X- and
Y-direction).

The apparatus can further be improved in that the cou-
pling means protrudes the opeming of the carrier element,
wherein the securing unit 1s arranged adjacent to the opening,
in the holding region of the coupling means, wherein the
driving region is arranged on the other side of the opening
and the securing unit 1s configured to secure the coupling
means from being pulled out of the opening in a direction of
the driving region.

Thus, the driving region and the holding region are
arranged 1n different positions of the coupling means,
wherein the coupling means protrudes the opeming of the
carrier element with the holding region. The securing unit 1s
arranged in the holding region of the coupling means
adjacent to the opening, wherein the securing unit 1is
arranged on the opposite side of the opening with respect to
the driving region. The securing unit therefore, assures that
the coupling means cannot be pulled out of the opening.

Advantageously, a physical and/or geometrical dimen-
sion, 1n particular a diameter, of the securing unit 1s larger
than the opening. This embodiment advantageously prevents
the coupling means from being pulled out of the opening of
the carrier element as a physical and/or geometrical dimen-
sion of the securing unit 1s larger than the opening, thereby
preventing the securing units to pass through the opening
and therefore, assuring the relative position of the coupling
means relative to the opening of the carrier element.

By way of another embodiment of the apparatus, the
securing unit and the opeming are configured as a positive
locking connection. Thus, the positive locking connection 1s
generated by the opening and the securing unit intertwining,
in particular the securing unit engaging the opening. Thus,
a decoupling of the coupling means from the carrier element
1s prevented even 1n a force-iree state.

According to an advantageous embodiment of the appa-
ratus, the securing unit 1s built as a securing disc. Thus, the
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4

securing disc 1s configured to provide the coupling means
from being pulled out of the opening in that the securing disc
stays 1n contact with at least a part of the carrier element
around the opening.

The securing unit may be connected to the coupling
means via a locking means, 1n particular a screw and/or a
bolt, wherein the locking means locks the securing unit to
the holding region, 1n particular to the top of the coupling
means. For example, the securing unit may be screwed 1nto
the holding region of the coupling means, wherein the
holding region 1s located at the top of the coupling means.
The locking means, 1.e. the screw, provides for an axial
securing force counteracting a force tending to pull the
coupling means out of the opening.

According to another embodiment of the apparatus, two
securing units may be provided, wherein one securing unit
1s located adjacent to each side of the opening. Thus, the two
securing units are located opposite each other, wherein the
carrier element 1s arranged between both securing units. By
providing a securing unit at each side of the opening the
relative position of the coupling means with respect to the
carrier element 1s not only assured regarding forces tending
to pull the coupling means out of the opening but also
regarding forces tending to push the coupling means through
the opening. In other words, by providing two securing units
arranged on opposing sides of the opening, the coupling of
the coupling means with the carrnier element can be
improved.

Advantageously, the coupling means may be built as a
spindle. Thus, the driving unit may be used to drive a spindle
nut driving the spindle and therefore, moving the spindle
upwards and/or downwards and together with the spindle the
coupled carrier element.

Additionally, the apparatus may comprise a clamping
device that 1s configured to clamp the coupling means in the
opening. The clamping device 1s therefore, configured to
apply a clamping force on the coupling means {ixing the
coupling means relative to the opening.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the mvention are described
with reference to the FIGURE. The sole FIGURE 1s a
schematic diagram showing an inventive apparatus.

DETAILED DESCRIPTION

The sole FIGURE shows a detail of an apparatus 1 for
additively manufacturing three-dimensional objects by
means ol successive layerwise selective irradiation and
consolidation of layers of a build material which can be
consolidated by means of an energy beam. The apparatus 1
comprises a carrying device 2 with a carrier element 3, e.g.
carrying a build plate that carries the build material and the
object to be built during a manufacturing process. It 1s also
possible, that the carrier element carries the build material
directly.

The carnier device 2 further comprises a driving unit 4,
¢.g. a motor, configured to drive the carrier element 3. To
drive the carrier element 3 the driving unit 4 1s configured to
interact with a coupling means 5 that 1s coupled with the
carrier element 3. According to this exemplary embodiment
the coupling means 5 1s built as a threaded spindle interact-
ing with a spindle nut 6 that 1s driven by the driving unit 4.
The spindle nut 6 may also be considered part of the driving
unit 4, 1n particular the driving unit 4, the coupling means 3
and the spindle nut 6 may form a spindle drive. As the
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spindle nut 6 1s fixed 1n position, e.g. to a housing of the
apparatus 1, dniving the spindle nut 6 results in a lateral
movement of the coupling element 5. In other words, driving
the spindle nut 6 applies a driving force on a driving region
7 of the coupling means 5 causing the coupling means 5 to
move upwards or downwards (corresponding to the rotating
direction of the spindle nut 6). The coupling means 3 further
comprises a holding region 8 essentially arranged at the top
of the coupling means 5. The coupling means 3 protrudes an
opening 9 in the carrier element 3 with the holding region 8.

To secure the coupling of the coupling means 3 with the
carrier element 3 a first securing unit 10 1s provided that 1s
locked to the coupling means 5 via a locking means 11, for
example a screw. The securing unit 10 engages the opening
9, thereby generating a positive locking connection with the
carrier element 3.

As can be derived from the FIGURE, a diameter 12 of the
securing unit 10 1s larger than a diameter 13 of the opening
9. Therefore, the securing unit 10 prevents the coupling
means 35 from being pulled out of, 1.e. pulled through, the
opening 9 due to a driving force applied on the coupling
means 5 and friction between the carrier element 3 and a
housing of the apparatus 1 (not shown).

The first securing unit 10, 14 assures that the coupling
means 5 cannot be pulled out of the opening 9 due to the
driving force and Iriction between the carrier element 3 and
a housing of the apparatus 1.

Additionally, the apparatus 1 comprises a clamping
device 14 that 1s configured to apply a clamping force on the
coupling means 35 clamping the coupling means 5 in the
opening 9. The additional clamping force secures the cou-
pling means 5 relative to the carrier element 3 and particu-
larly prevents the coupling means 35 from rotating in the
opening 9 relative to the carrier element 3.

The 1nvention claimed 1s:

1. Apparatus (1) for additively manufacturing of three-
dimensional objects by means of successive layerwise selec-
tive 1rradiation and consolidation of layers of a build mate-
rial which can be consolidated by means of an energy beam,
with a carrier device (2) with at least one carrier element (3)
for carrying build material and/or at least one object to be
built and a driving unit (4) configured to drive the at least
one carrier element (3) by driving a spindle nut 1n a rotating
direction, wherein the driving unit (4) 1s coupled with the
carrier element (3) via at least one coupling means (5),
characterized by at least one securing unit (10) configured to
secure the coupling of the carrier element (3) with the at
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least one coupling means (5), wherein the securing unit (10)
1s configured to apply a securing force directed axially on the
coupling means (5), and
characterized in that the coupling means (5) 1s partly
arranged 1n an opening (9) in the carrier element (3),
wherein a diameter of the securing unit (10) 1s larger

than a diameter of the opening (9).

2. Apparatus according to claim 1, characterized 1n that
the coupling means (5) comprises a driving region (7) and a
holding region (8), wherein the coupling means (5) 1s
configured to interact with the driving unit (4) 1n the driving
region (7) and to interact with the carrier element (3) in the
holding region (8).

3. Apparatus according to claim 1, characterized in that
the securing unit (10) 1s configured to mechanically secure
the position of the coupling means (5) relative to the carrier
clement (3).

4. Apparatus according to claim 1, characterized in that
the coupling means (5) protrudes the opening (9) of the
carrier element (3), wherein the securing unmit (10) 1s
arranged adjacent to the opening (9) 1n a holding region (8)
of the coupling means (5), wherein a dniving region (7) 1s
arranged on the other side of the opening (9) and the
securing unit (10) 1s configured to secure the coupling means
(5) from being pulled out of the opeming (9) 1n a direction of
the driving region (7).

5. Apparatus according to claim 1, characterized 1n that a
physical and/or geometrical dimension (12).

6. Apparatus according to claim 1, characterized in that
the securing unit (10) and the opening (9) are configured as
positive locking connection.

7. Apparatus according to claim 1, characterized in that a
holding region (8) 1s located 1n an upper region of the
coupling means (5) facing the carrier element (3).

8. Apparatus according to claim 1, characterized in that
the securing unit (10) 1s built as a securing disc.

9. Apparatus according to claim 1, characterized in that
the securing unit (10) 1s connected to the coupling means (3)
via a locking means (11), wherein the locking means (11)
locks the securing unit (10) to a holding region (8).

10. Apparatus according to claim 1, characterized 1n that
the coupling means (3) 1s a spindle.

11. Apparatus according to claim 1, characterized by a
clamping device (14) that 1s configured to clamp the cou-
pling means (5) in the opening (9).
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